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ABSTRACT: The study aimed to evaluate the potential effects of feeding with phytase transgenic com (PTC) on organ weight, serum 
biochemical parameters and nutrient digestibility, and to determine the fate of the transgenic DNA in laying hens. A total of 144 
50-week-old laying hens were grouped randomly into 2 treatments, with 8 replicates per treatment and 9 hens per replicate. Each 
treatment group of hens was fed with diets containing 62.4% non-transgenic conventional corn (CC) or PTC for 16 weeks. The phytase 
activity for CC was 37 FTU/kg of DM, whereas the phytase activity for PTC was 8,980 FTU/kg of DM. We observed that feeding PTC 
to laying hens had no adverse effect on organ weight or serum biochemical parameters (p>0.05). A fragment of a poultry-specific 
ovalbumin gene (ov) was amplified from all tissues of hens showing that the DNA preparations were amenable to PCR amplification. 
Neither the corn-specific invertase gene (ivr) nor the transgenic phyAl gene was detected in the breast muscle, leg muscle, ovary, 
oviduct and eggs. The digestibility data revealed no significant differences between the hens that received the CC- and PTC -based diets 
in the digestibility of DM, energy, nitrogen and calcium (p>0.05). Phosphoms digestibility of hens fed the PTC -based diet was greater 
than that of hens fed the CC-based diet (58.03% vs 47.42%, p<0.01). Based on these results, it was concluded that the PTC had no 
deleterious effects on the organ weight or serum biochemical parameters of the laying hens. No recombinant phyAl gene was detected 
in muscle tissues and reproductive organs of laying hens. The novel plant phytase was efficacious in improving the phosphorus 
digestibility of laying hens. (Key Words: Genetically Modified Corn, Plant Phytase, Laying Hens, Blood Parameters, Nutrient 
Digestibility, Recombinant DNA) 



INTRODUCTION 

Phosphorus (P) is a mineral essential to energy 
metabolism and egg production in laying hens (Frost and 
Roland, 1991). However, in plant feedstuffs approximately 
60% to 80% of P exists in the form of phytate and is not 
directly available to monogastric animals without phytase 
supplementation (Simons et al., 1990; Maenz, 2001). Poor 
availability of P for monogastric animals and consequent P- 
deficiency are ones of major constraints to animal 
production globally (Perney et al., 1993). 

It has been well demonstrated that an exogenous 

* Corresponding Author: Cheng Ji. Tel: -1-86-10-62732774, 

Fax: -1-86-10-62732774, E-mail: jicheng@cau.edu.cn 

Submitted May 15, 2013; Accepted Jul. 26, 2013; Revised Aug. 19, 2013 



supplement of microbial phytase is effective in improving 
phytate P digestibility in P-deficient diets (Ravindran et al., 
1995; Carlos and Edwards, 1998). However, high 
production cost is one of the obstacles to the application of 
microbial phytase in non-ruminant animals' diets (Zhang et 
al., 2000). Reducing feed costs at commercial farms is a 
constant concern for the poultry industry. With the progress 
of biotechnology, an Aspergillus niger-denwed phytase 
expressed in the endosperm of corn has recently been 
developed (Chen et al., 2008). Phytase transgenic corn 
(PTC) will allow animal feed producers to avoid purchasing 
phytase and corn separately, and eliminate the need for 
mixing these two ingredients together. 

It is hoped that PTC could be a feedstuff as well as an 
alternative to microbial phytase that would allow laying 



Copyright © 2014 by Asian-Australasian Journal of Animal Sciences 
This is an open-access article distributed under ttie terms of ttie Creative Commons Attribution Non-Commercial License (http://creativecommons.Org/licenses/by-nc/3.0/), 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original v<ork is properly cited. 



78 



Gao etal. (2014) Asian Australas. J. Anim. Sci. 27:77-82 



hens to digest more phytate P than is possible with non- 
transgenic conventional com (CC). Except for the high 
phytase activity, fat content and non-phytate P content in 
PTC, its nutritional value is similar to that of CC (Gao et al., 

2012) . Recently, a series of studies comparing the feed 
safety of PTC with CC for animals have been conducted by 
our research group (Li et al., 2013; Ma et al., 2013). No 
differences have been observed in the laying performance 
or egg quality between hens consuming diets formulated 
with PTC or CC (Ma et al, 2013). Furthermore, no phytase 
gene fragments have been detected in the blood, Uver, or 
feces of laying hens fed the PTC-based diet (Ma et al., 

2013) . The present study was to assess any differences in 
blood parameters or organ weight along with the digestive 
functioning of laying hens when fed a PTC- or CC-based 
diet. In addition, we wanted to verify a potential transfer of 
recombinant DNA to muscle tissues and reproduction 
organs of laying hens after consumption of a PTC- based 
diet. 

MATERIALS AND METHODS 

Animals and housing 

This study was approved by the Animal Care and Use 
Committee of China Agricultural University. A total of 144 
healthy Hy-Line Brown laying hens (BW = 1.80±0.10 kg, 
50 weeks of age) were randomly allocated to one of the two 
dietary treatments with eight replicates each. Each of the 
eight replicates used three 45 cmx45 cmx45 cm stainless 
steel suspended cages containing three hens each. After a 
two-week adaptation period the hens were fed either the 
CC- or PTC-based diet for 16 weeks. The hens were housed 
in a completely enclosed, mechanically ventilated building, 
where they were maintained on a 16-h light schedule and 
allowed ad libitum access to diets and water Room 
temperature was maintained at 25+2°C. Hens were 
monitored continuously for any variation in behavior. 

Corn and experimental diets 

The two experimental diets (Table 1) contained com 
(62.4%) either from the CC and PTC. The CC and PTC 
were grown, harvested, and stored under the same 
environmental conditions (Yanqing, Beijing, China). The 
nutrient and energy contents of the com varieties had been 
previously reported (Gao et al., 2012). The phytase activity 
for PTC was 8,980 FTU/kg of DM. The two treatment diets 
were formulated so as to contain adequate concentrations of 
all nutrients required for laying hens according to the 
National Research Council (NRC, 1994). To prevent 
contamination diu'ing diet preparation, both the control diet 
and the transgenic diet were mixed as single batches, the 
control diet first. 



Table 1. The ingredient and nutrient composition of experimental 
diets (as-fed basis)' 

Item (% unless note) CC PTC 



Ingredient 



Com (non-GM) 


62.40 


~ 


Corn (GM) 


- 


62.40 


Soybean meal (non-GM) 


25.00 


25.00 


Com oil (non-GM) 


1.20 


0.70 


Limestone 


8.30 


8.55 


Dicalcium phosphate 


1.50 


1.00 


Salt 


0.30 


0.30 


DL-methionine 


0.20 


0.20 


Choline chloride 


0.10 


0.10 


Vitamin and trace mineral premix^ 


1.00 


1.00 


Zeolete powder 


0.00 


0.75 


Total 


100.00 


100.00 


(utrient level 






Apparent metaboUzable energy (MJ/kg)' 


11.17 


11.17 


CP" 


16.60 


16.60 


Lysine" 


0.79 


0.79 


Methinoine" 


0.37 


0.37 


Methinoine+cystuie (%)^ 


0.66 


0.66 


Ca" 


3.50 


3.50 


Total P" 


0.57 


0.49 


Nonphytate P" 


0.32 


0.28 


Phytase activity (FTU/kg)" 


28 


5,019 



' CC = Conventional com, PTC = Phytase transgenic corn, GM = 

genetically modified. 
^ Provided per kilogram of diet; vitamin A, 12,200 lU; vitamin D3, 4,125 

lU; vitamin E, 30 lU; vitamin K, 4.5 mg; thiamine, 1 mg; riboflavin, 8.5 

mg; calcium pantothenate, 50 mg; niacin, 32.5 mg; pyridoxine, 8 mg; 

biotin, 2 mg; folic acid, 5 mg; vitamin B12, 5 mg; manganese, 80 mg; 

iodine, 1 mg; iron, 60 rag; copper, 8 mg; zinc, 80 mg; selenium, 0.3 mg. 
^ Calculated values. ^ Determined values. 

Collection and processing of samples 

At the end of experiment, two hens from each repUcate 
with similar live weights were selected for blood collection. 
Five milliliters of blood was harvested and centrifuged at 
3,000 rpm for 10 min at 4°C. Serum was stored at -20°C for 
subsequent blood parameter analysis. After weighing, these 
hens' throat was cut to allow bleeding and was then himg 
upside down for 3 min. All the surgical instruments were 
disinfected with 75% ethanol solution between animal. 
Immediately following sacrifice, the breast muscle, leg 
muscle, ovary, and oviduct tissues were excised, trimmed of 
any superficial fat or blood clots, weighed and collected. 
The samples were collected in separate sterile tubes, placed 
on ice, and stored at -80°C until analysis. 

The relative weights of organs were calculated 
according to the following formula (Gao et al., 2010). 

Relative organ weight (g/kg) 

= organ weight (g)/live body weight (kg) 
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The levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), cholesterol (CHOL), alkaline 
phosphatase (ALP), blood urea nitrogen (BUN), creatinine 
(CRE), glucose (GLU), y-glutamyl transpeptidase (y-GT), 
lactate dehydrogenase (LDH), triglycerides (TRIG), uric 
acid (UC), calcium (CALC), inorganic phosphorus (IPHS), 
total protein (TP), albumin (ALB) and globulin (GLOB) 
were determined with the commercial diagnostic kits 
(Jiancheng Bio Co., Nanjing, China) and the automatic 
biochemical analyzer (CE-CX5, Beckman Corp., Fullerton, 
CA, USA). 

Detection of the transgenic phyKl gene 

Three pairs of targeting a corn-specific invertase gene 
{ivr) gene, a poultry-specific ovalbumin (ov) gene and a 
foreign gene (phyA2) were obtained from Invitrogen 
(Beijing, China). The DNA extraction, primer sequences 
and polymerase chain reaction (PCR) cycling conditions 
were conducted as previously outlined by our group (Ma et 
al., 2013). The PCR products were separated with a 1.5% 
agarose gel in IxTBE (89 mM Tris, pH 8.4; 89 mM boric 
acid; 2 mM EDTA) and was visualized using ethidium 
bromide staining. 

Nutrient digestibility assay 

In week 15, 5.0 g/kg of titanium dioxide (Ti) was added 
into the two diets as an indigestible marker for the 
calculation of nutrient digestibihty. After a one-week 
adaptation period, six laying hens with similar live weights 
from each replicate were killed by intracardial injection of 
sodium pentobarbitone. The digestive tracts were removed 
immediately and the digesta of the ileal were expressed by 
gentle flushing with distilled water into plastic tubes. The 
digesta contents were pooled within a replicate, 
immediately frozen at -20°C, and then freeze-dried. Dried 
ileal digesta samples were groimd using a mortar and pestle 
and then passed through a 0.5-nam sieve and stored at -4°C 
pending chemical analysis. 

The dry matter, N, Ca, and P content of diet and digesta 
samples were analyzed according to AOAC (2000) 
procedures. All diet samples were analyzed for gross energy 
with an automatic adiabatic oxygen bomb calorimeter 
(PARR 1281, PARR Instruments, Moline, IL). The Ti 
content in the samples was analyzed using the procedure of 
Myers et al. (2004). Phytase activity in com was determined 
according to the method of Engelen et al. (2001), with one 
phytase activity unit (FTU) defined as the quantity of 
enzyme that releases 1 |imol of inorganic P per min from 
1.5 mM of sodium phytate at pH 5.5 at 37°C. 

The apparent ileal nutrient digestibility of the diets was 
calculated according to the following formula (Ravindran et 
al., 2006): 



Apparent ileal nutrient digestibility (%) 

= 100-[(Tidiet/Tidigesta)x(Nutrientdigesta/Nutrientdiet)]xlOO 

Where, Ti^iet/Tidigesta is the ratio of Ti in the diet and ileal 
digesta and Nutrientdigesta/Nutrientdiet is the ratio of nutrient 
in the ileal digesta and diet. 

Statistical analyses 

The experiment used a completely randomized design, 
and each experimental unit was a replicate. All data were 
analyzed using the one-way ANOVA analysis (SAS 
Institute, Inc., 2001). Results were expressed as standard 
error of mean (SEM). Effects were considered significant 
whenp<0.05. 

RESULTS AND DISCUSSION 

During the past few decades, biotechnology has been 
widely used to produce genetically modified (GM) crops 
with input traits including insect resistance, herbicide 
tolerance, and nutritional improvements. In 2012, 30% of 
the canola, 35% of the corn, 81% of the soybeans, and 81% 
of the cotton planted globally were GM crops (James, 2012). 
However, the increased usage of GM crops as feed for 
meat-, egg- and milk-producing animals has led to public 
concern (Walsh et al., 2012). The GM plants intended for 
consumer consumption may pose a perceived risk to health 
along with the transfer of recombinant DNA from GM 
plants to livestock and livestock-derived products that are 
consumed by humans (Ma et al., 2013). Our previous study 
demonstrated that, except for the high phytase and fat 
content and lower phytate content in PTC, the nutritional 
values of PTC and CC are similar and within the normal 
ranges reported for CC (Gao et al., 2012). The performance 
of hens fed diets containing PTC, as measured by egg 
production and egg quahty, is similar to that of hens fed 
diets formulated with CC (Ma et al., 2013). 

Serum biochemical parameters and organ indices 

In the present study, we found that the serum 
biochemical parameters and organ indices were similar for 
laying hens consuming diets formulated either with PTC or 
CC (Tables 2 and 3). This finding is consistent with those of 
previous studies in which no biologically significant 
differences in organ indices (McNaughton et al., 2008) or 
serum biochemical parameters (Appenzeller et al., 2009) 
were observed between animals fed diets prepared with GM 
or non-GM grain. This suggests that a diet prepared from 
PTC has no unintended effects on serum biochemical 
parameters and organ weight as compared to a CC-based 
diet. 
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Table 2. Serum chemistry values of laying hens fed diets 
containing conventional com (CC) or phytase transgenic com 
(PTC) for 16 weeks 



Item' 


CC 


PTC 


SEM 


p-value 


AST (U/L) 


20.6 


21.3 


0.62 


0.63 


ALT (U/L) 


221.9 


223.4 


5.45 


0.90 


CHOL (mmol/L) 


3.81 


3.57 


0.17 


0.50 


ALP (U/L) 


418.3 


421.3 


11.34 


0.90 


BUN (mmol/L) 


1.07 


1.21 


0.05 


0.13 


CRE (fimol/L) 


7.38 


7.00 


0.19 


0.33 


GLU (mmoVL) 


11.2 


11.7 


0.19 


0.17 


7-GT (U/L) 


6.75 


6.38 


0.20 


0.37 


LDH (U/L) 


1737 


1761 


20.26 


0.57 


TRIG (mmoVL) 


8.39 


8.45 


0.03 


0.36 


UC (nmol/L) 


266.3 


277.8 


9.31 


0.56 


CALC (mmol/L) 


4.04 


3.99 


0.05 


0.60 


IPHS (mmol/L) 


2.14 


2.27 


0.11 


0.57 


TP(g/L) 


54.7 


57.4 


1.30 


0.31 


ALB (g/L) 


19.8 


20.0 


0.41 


0.73 


GLOB (g/L) 


34.9 


37.1 


0.99 


0.28 



' AST = Aspartate aminotransferase; ALT = Alanine aminotransferase; 
CHOL = Cholesterol; ALP = Alkaline phosphatase; BUN = Blood urea 
nitrogen; CRE = Creatinine; GLU: Glucose; y-GT = y-Glutainyl 
transpeptidase; LDH = Lactate dehydrogenase; TRIG = Triglycerides; 
UC = Uric acid, CALC = Calcium; IPHS = Inorganic phosphorus; TP = 
Total protein; ALB = Albumin; GLOB = Globulin. 

IVansgenic phyXl gene detection in tissues of laying 
hens 

The suitability of the PCR was verified through 
amplification of the corn-specific gene ivr and a poultry- 
specific fragment ov (Table 4). The ivr gene could be 
detected in all diet samples. In addition, results of PCR in 
all tissues were positive regarding the ov gene (Table 4). 
These results suggest that the PCR had been performed very 
well. 

The PCR for the transgenic phyA2 fragment showed 
strong positive signals only for the PTC diet samples and no 
positive signals for the CC samples. No transgenic or corn- 
specific DNA was detected in any tissue samples such as 
breast muscle, leg muscle, ovary, oviduct, and eggs of the 



Table 3. Relative 


organ weig 


hts (g/kg 


BW) of layinj 


I hens fed 


diets containing conventional 


com (CC) or phytase 


transgenic 


corn (PTC) for 16 weeks 








Item (g/kg) 


CC 


PTC 


SEM 


p-value 


Heart 


3.80 


3.60 


0.08 


0.21 


Liver 


20.27 


20.53 


0.49 


0.81 


Spleen 


1.10 


1.14 


0.07 


0.76 


Lungs 


3.98 


4.00 


0.16 


0.95 


Kidneys 


5.78 


5.97 


0.18 


0.61 



non-GM and GM groups. This may suggest that no corn- 
endogenous genes or transgenic fragments had been 
transferred to the hens' tissues. These genetic materials 
were probably degraded too much to allow amplification in 
the muscle and reproductive organs of laying hens. In our 
previous study, detection of the recombinant phyA2 genes 
in the digesta of PTC-fed laying hens decreased rapidly as 
the digesta moved along the gastrointestinal tract of laying 
hens (Ma et al., 2013). No transgenic phyA2 gene was 
detected in the digesta of the ileal and rectum. In addition, 
we failed to detect any phyAl transgenic fragments in the 
blood and eggs of laying hens fed diets containing PTC (Ma 
et al., 2013). These finding are consistent with previous 
studies investigating the fate of transgenic DNA in animals 
(Jennings et al., 2003; Phipps et al., 2003; Reuter and 
Aulrich, 2003; Aeschbacher et al., 2005). Walsh et al. 
(2011) stated that no transgenic or corn-specific DNA could 
be detected in the tissues of pigs (including heart, liver, 
spleen, kidney, and muscle) fed a GM corn-based diet. 

Nutrient digestibility 

The phyA2 phytase gene is expressed in the endosperm 
of PTC (Chen et al., 2008), unlike the microbial phytase 
which is exposed in the CC-based diets. Differences in 
expression systems might affect the releasing rate of the 
enzyme. The P-releasing efficacy of the novel PTC-derived 
phytase is another of our concerns. 

Digestibility of nutrients in CC and PTC-based diets for 
laying hens are displayed in Table 5. Approximately 74% of 
the DM and 79% of the GE were utiUzed by hens (p>0.05). 



Table 4. Detection of corn-specific invertase gene (ivr), poultry-specific genes (ov) and transgenic gene (phyA2) in com, diet, tissues 
and eggs of laying hen fed diets containing conventional com (CC) and phytase transgenic com (PTC) for 16 weeks' 



Positive detection frequency of genes (%) 



riagiiiciii 

amplified 


Com 




Diet 


Breast muscle^ 


Leg 


muscle 


Ovary 


Oviduct 


Eg 




CC 


PTC 


CC 


PTC 


CC 


PTC 


CC 


PTC 


CC 


PTC 


CC 


PTC 


CC 


PTC 


Endogenous 






























ivr (corn) 


100 


100 


100 


100 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Transgenic 






























ov (poultry) 


0 


0 


0 


0 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


phyA2 (com) 


0 


100 


0 


100 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



' Number of samples that tested positive for the gene of interest out of 8 samples analyzed. One sample was tested per laying hen (n = 8 laying hens per 
treatment). 
^ Reference; Ma et al. (2013). 
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Table 5. Effect of conventional com (CC) or phytase transgenic 
corn (PTC) in the diet on the apparent ileal nutrients digestibility 
(%) of laying hens 



Item 


CC 


PTC 


SEM 


p-value 


DM 


72.52 


74.70 


0.80 


0.20 


GE 


78.56 


79.37 


0.96 


0.72 


Nitrogen 


64.26 


66.93 


0.85 


0.12 


Phosphorus 


47.42 


58.03 


2.01 


<0.01 


Calcium 


52.03 


57.07 


1.55 


0.11 



The apparent metabolizable energy content of the laying 
hens' feed amounted to 13.05 and 13.24 MJ/kg of DM diet 
in the CC and PTC group, respectively. The N and Ca 
digestibility coefficients are not significantly influenced by 
com variety (p>0.05). The P digestibility of the PTC group 
increased significantly by 22.40% as compared with that of 
the CC group (58.03% vs 47.42%; p<0.01). 

The results of these analyses indicate that PTC had no 
adverse effects of the digestibility of DM, energy, N, and Ca 
of laying hens. These results are in agreement with findings 
published by Aulrich et al. (2001) and Aeschbacher et al. 
(2005). However, as expected, the effect of plant phytase 
supplementation on P digestibility was quite pronounced. 
The results show that a PTC diet can significantly improve 
P digestibiUty in laying hens. Similar observations were 
made by Nyannor and Adeola (2008), who demonstrated 
that using corn-based phytase (Escherichia coZi-derived) in 
broiler diets was effective as microbial phytase in 
improving P digestibility. This clearly demonstrates that 
using PTC in diets can enhance P digestibility of poultry. 

In conclusion, the feeding of laying hens with diets 
containing PTC does not affect organ weight or serum 
biochemical parameters as compared with hens fed a CC- 
based diet. No recombinant phyKl gene was detected in 
muscle tissues and reproductive organs. Digestibility data 
from the study suggest that phytase expressed in PTC is 
efficacious in P-deficiency laying hens diets for the 
improvement of P utilization, which would minimize the 
need for supplemental P in diets. 
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